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$U_{t}+F(U)_{x}=0$ $(x\in R, t>0)$ (1)
$U,F(U)$ $N$
$U=U(x,t)=$ ($u_{1},u_{2},$ $\ldots,$ uN), $F(U)={}^{t}(f_{1}(U),f_{2}(U),$ $\ldots,fN(U))$
$F’(U)=\{$
$\partial_{1}f_{1}(U)$ $\ f_{1}(U)$ $\partial_{N}f_{1}(U)$
.$\cdot$. .$\cdot$. .$\cdot$.






$\lambda_{j}(U)\cdot R_{j}(U)\neq 0$ $(\nabla=(\partial_{1}, \ , \ldots, \partial_{N}))$
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$\ovalbox{\tt\small REJECT}$ - $D$ (genuinely $\mathrm{n}\mathrm{o}\mathrm{n}\mathrm{l}\mathrm{i}\mathrm{n}\mathrm{e}\pm$ ) $D$
$\lambda_{j}$ $(U)\cdot R_{j}(U)\equiv 0$
$j$- $D$ (linearly degenerate)
$F’(U)$





$R_{j}(U)$ $=e_{j}$ ( $=j$ )
$\Leftrightarrow$ $\partial j\lambda j(U)\neq 0$













$(^{*}1)$ Lax-Fri\mbox{\boldmath $\alpha$}iric} : $D_{t}U+D_{x}F(U)=0(\Delta t, \Delta xarrow \mathrm{O})$
$D_{t}U= \frac{U(x,t+\Delta t)-\frac{U(x+\Delta x,t)+U(x-\Delta x,t)}{2}}{\Delta t}$
,
$D_{x}F(U)= \frac{F(U(x+\Delta x,t))-F(U(x-\Delta x,t))}{2\Delta x}$




$(^{*}5)2$ : (Lagrange )
$v_{t}-u_{x}=0$ , $u_{t}+(a/v)_{x}=0$ ($u$ : v=l/ , $a>0$ : )
$(^{*}6)2$ : ([14])
$v_{t}-u_{x}=0,$ $u_{t}-\sigma(v)_{x}=0$ $(\sigma’(v)>0, v\sigma’’(v)\geq 0)$
(Euler ) ([15])
$\rho t+(\rho u)_{x}=0$, $(\rho u)t+(\rho u^{2}+P(\rho))_{x}=0$
($\rho$: , $u$ : , $P(\rho)=a\rho^{\gamma}$ : , $\gamma=1+2/(2N+1)$ : ,
$N=1,2,3,$ $\ldots,$ $a>0$: )
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$(^{*}7)2$ : $2\cross 2$
















$u_{t}+f(u)_{x}=0$ $(t>0, x\in R)$ (2)
$u(x, 0)=u\mathrm{o}(x)$ $(x\in R)$
Chen ([22]), Chen-Lu ([24])
$u=u(x, t)\in R_{\text{ }}f(u)$ $u$ $C^{2}$
u0\in L2\cap L $f(u)=u^{2}/2$ Burgers
$u_{t}+( \frac{u^{2}}{2})_{x}=0$ $(u_{t}+uu_{x}=0)$
$\{$
$u_{t}+f(u)_{x}=\epsilon u_{xx}$ $(t>0, x\in R)$







$|u_{0}^{\epsilon}(x)|\leq M$, $||u_{0}^{\epsilon}||_{L^{2}}\leq C$
$\epsilonarrow 0$
$u_{0}^{\epsilon}arrow u_{0}$
1 (3) $u=u^{\epsilon}(x, t)$
$|u^{\epsilon}(x, t)|\leq M$, $|| \sqrt{\epsilon}u_{x}^{\epsilon}(\cdot, \cdot)||_{L^{2}}\leq\frac{1}{\sqrt{2}}C$ (4)
[23] $u^{\epsilon}$ $u$
$u_{0}^{\epsilon}$ $u(\cdot, t)\in H^{2}\cap C^{2}$ $t_{0}>0$ $u(x, t_{0})$
$u(\cdot, t\mathrm{o})\in H^{2}$ $|x|arrow\infty$ $u$ ($x,$ to)\rightarrow 0 $u$ ($x,$ to)
. $x$ $x_{0}$ .
1: $u(t_{0}, \cdot)$
$\max_{x\in R}u(x, t_{0})=u$ ($x0,$ to)
$x=x_{0}$







$\ovalbox{\tt\small REJECT} u(x, 0|_{x=x0,t=t_{0}}=\epsilon u_{xx}-f’(u)u_{x}|_{x=x_{0},t=t_{0}}\leq 0$
(5) $u(x, t)$ $(x, t)=(x_{0}, t_{0})$ $t$ } $\mathrm{O}$
Inax $u(\cdot, t)$ $t$ }
$\max u(\cdot, t)\leq\max u(\cdot, \mathrm{O})=\max u\mathrm{o}()\leq M$
$\min u(\cdot, t)\geq\min u0(\cdot)\geq-M$
ut+f’(u)ux=\epsilon u $u$
$( \frac{u^{2}}{2})_{t}+F_{0}(u)_{x}=\epsilon(uu_{x})_{x}-\epsilon u_{x}^{2}$ $(F_{0}(u)= \int_{0}^{u}f’(v)vdv)$
$R\mathrm{x}[0,T]$
$\int_{0}^{T}dt\int_{R}(\frac{u^{2}}{2})_{t}dx+\int_{0}^{T}dt\int_{R}(F_{0}(u)-\epsilon uu_{x})_{x}dx=-\epsilon\int_{0}^{T}dt\int_{R}u_{x}^{2}dx$
. $F_{0}(u)_{x}=uf’(u)u_{x}$ $u,$ $u_{x}\in L^{2},$ $|u|\leq M$ $f’(u)\in L^{\infty}$
$F_{0}(u)_{x}\in L^{1}$ $F_{0}(u(\pm\infty, t))=F_{0}(0)=0$
$\int_{R}F_{0}(u)_{x}dx=0$,
$(uu_{x})_{x}=u_{x}^{2}+uu_{xx}$ $u,$ $u_{x},$ $u_{xx}\in L^{2}$ $(uu_{x})_{x}\in L^{1}$ $\text{ }$ $u_{x},$ $u_{xx}\in L^{2}$







2 $u\ovalbox{\tt\small REJECT} u(x, t)\mathrm{C}L$“$(R\mathrm{x}[0, T))$ (2) 0 $\ovalbox{\tt\small REJECT} t<T$
$\phi \mathrm{C}\ovalbox{\tt\small REJECT}(R\cross[\mathrm{O}, T))$
$\int_{0}^{T}dt\int_{R}\{\phi tu+\phi_{x}f(u)\}\ + \int_{R}\phi(x, 0)u\mathrm{o}(x)dx=0$ (6)
3
3
$T=\infty$ $u=u^{\epsilon}$ (6) ( $I^{\epsilon}$ )
$I^{\epsilon}$ $=$ $\int_{0}^{\infty}dt\int_{R}\{\phi tu^{\epsilon}+\phi_{x}f(u^{\epsilon})\}dx+\int_{R}\phi(x,0)u\mathrm{o}(x)dx$




$\epsilonarrow 0$ $u_{0}(x)-u_{0}^{\epsilon}(x)=o(1)$ 1 Schwarz
$| \epsilon\int_{0}^{\infty}dt\int_{R}\phi_{x}u_{x}^{\epsilon}dx|\leq\sqrt{\epsilon}||\phi_{x}(\cdot, \cdot)||_{L^{2}}||\sqrt{\epsilon}u_{x}^{\epsilon}(\cdot, \cdot)||_{L^{2}}\leq\frac{C\sqrt{\epsilon}}{\sqrt{2}}||\phi_{x}||_{L^{2}}$
$F=o(1)$ $(\epsilonarrow 0)$
$L^{\infty}(\Omega)$
$||g_{n}||_{L(\Omega)}\infty\leq C$ $\{g_{n_{j}}\}j$ $g\in L^{\infty}(\Omega)$
$g_{||j}arrow g$ $L^{\infty}(\Omega)$ we k*






$\overline{f}(x, t)=f(\overline{u}(x, t))$ $\mathrm{a}.\mathrm{e}$ . (7)
$\overline{u}(x, t)$
4
$v_{n}(x)=\cos nx$ $\phi\in L^{1}(R)$ [ Riemann-Lebesgue
$\int_{R}\phi(x)\cos nxdxarrow 0$ $(narrow\infty)$
$\cos nxarrow \mathrm{O}$ $L^{\infty}\mathrm{w}\mathrm{e}\mathrm{a}\mathrm{k}*$
$\cos 2nx=\frac{1+\cos 2nx}{2}$
$\int_{R}\phi(x)\cos 2$ $nxdx= \frac{1}{2}\int_{R}\phi(x)dx+\frac{1}{2}\int_{R}\phi(x)\cos 2nxdxarrow\frac{1}{2}\int_{R}\phi(x)dx$ $(narrow\infty)$
$\cos 2nxarrow\frac{1}{2}$ $L^{\infty}\mathrm{w}\mathrm{e}\mathrm{a}\mathrm{k}*$
$w^{*}- \lim\cos 2nx\neq(w^{*}-\lim\cos nx)^{2}$
[ [ $u^{\epsilon}arrow\overline{u}*$ $f(u^{\epsilon})arrow f(*\overline{u})$
$\overline{f}=w^{*}-\lim f(u^{\epsilon})$ $f(u)$ Young
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5Young
5 $\Omega(\subset R^{M})$ , $K(\subset R^{N})$ $v_{n}$ : $\Omegaarrow R^{N}$
$v_{n}(x)\in K(\mathrm{a}.\mathrm{e}. x\in\Omega)$ $\{v_{n_{j}}\}j$ , $R^{N}$





[ , 21] .
$\{\nu_{x}(y)\}$ $\{v_{n_{j}}\}j$ Young $\text{ }$ Young
$\int_{R^{N}}G(y)d\nu_{x}(y)$
( $\nu$ $x$ ) $\overline{G}(x)$ $(\nu_{x}(y), G(y)\rangle$
Young 1 $G(y)\equiv$
6


















$\int_{R}\phi(x)G(\cos nx)dx=\frac{1}{n}\int_{R}\phi(\frac{t}{n})G(\cos t)dt=\frac{1}{n}\sum_{k=-\infty}^{\infty}\int_{2k\pi}^{2(k+1)\pi}\phi(\frac{t}{n})G(\cos t)dt$
$=$ $\frac{1}{n}\sum_{k=-\infty}^{\infty}\int_{0}^{2\pi}\phi(\frac{z}{n}+\frac{2k\pi}{n})G(\cos z)dz$
$=$ $\frac{1}{2\pi}\int_{0}^{2\pi}G(\cos z)\{\frac{2\pi}{n}$ k=\Sigma \infty - $\phi(\frac{z}{n}+\frac{2k\pi}{n})\}dz$






























8 ( $\mathrm{d}\mathrm{i}\mathrm{v}$-curl ) $\Omega(\subset R^{N})$ v ’ $w_{n}$ : $\Omegaarrow R^{N}$
$v_{n}arrow v,$ $w_{n}arrow wL^{\infty}(\Omega;R^{N})$ w\mbox{\boldmath $\alpha$} *
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$\mathrm{d}\mathrm{i}\mathrm{v}v_{n}=\sum_{k=1}^{N}\frac{\partial}{\partial x_{k}}(v_{n})_{k}$, curl $w_{n}=( \frac{\partial}{\partial x_{i}}(w_{n})_{j}-\frac{\partial}{\partial x_{j}}(w_{n})_{i})_{i<j}$
$H_{1\mathrm{o}\mathrm{c}^{1}}(\Omega)$
$v_{n_{j}} \cdot w_{n_{j}}=\sum_{k=1}^{N}(v_{n_{j}})_{k}(w_{n_{j}})_{k}arrow v\cdot w$ $L^{\infty}(\Omega)$ we *
$\{n_{j}\}_{j}$
[13] $H_{1\mathrm{o}\mathrm{c}}^{-1}(\Omega)$ $\phi\in C_{0}^{\infty}(\Omega)$ $\phi T\in H^{-1}(\Omega)$
$T\in D’(\Omega)$ Fr\’echet
9 $C^{2}$ $\eta(u),$ $q(u)$ : $Rarrow R$
$q’(u)=\eta’(u)f’(u)$ (8)
$(\eta(u), q(u))$ $u_{l}+f(u)_{x}=0$ $\eta(u)$
$q(u)$









$=$ \epsilon \eta ’(u\epsilon )ux\epsilon x=\epsilon (\eta ’(u5)u;) $\epsilon\eta’’(u^{\epsilon})(u_{x}^{\epsilon})^{2}$
$\{\eta(u^{\epsilon})_{t}+q(u^{\epsilon})_{x}\}_{\epsilon}$
89
11 $R\cross(0, \infty)$ $\Omega$ $\{\eta(u^{\epsilon})_{1}+q(u^{\epsilon})_{x}\}_{\mathrm{g}}$ $H_{1\overline{\mathrm{o}}\mathrm{c}^{1}}(\Omega)$
2
12 $\Omega(\subset R^{N})$ ,
$A\mathrm{C}\mathcal{M}(\Omega)$ ( $\equiv\{\Omega$ Radon } $=C_{0}(\Omega)^{*}$ )
$\sup_{\mu\in A,C_{0}(\Omega)\ni\phi\neq 0}\frac{|\langle\mu,\phi)|}{||\phi||_{C_{0}}}$ $<\infty$
$A$ $W^{-1,p}(\Omega)$ ( $p$
$1<p<N/(N-1))$ .
13 (Murat ) $R^{N}$ $\Omega$ $1<q\leq 2<r<\infty$
$q,$ $r$









$| \int\int_{\Omega}I_{2}\phi\ dt| \leq C_{1}||\phi||_{C(\Omega)}$
$I_{2}$ $C_{0}(\Omega)^{*}=\mathcal{M}(\Omega)$ 12 $1<q<2$
$q$ $\{I_{2}\}_{\epsilon}$ $W^{-1,q}(\Omega)$
$I_{1}$ | Schwarz $\phi\in C_{0}^{1}(\Omega)$
$| \int\int_{\Omega}I_{1}\phi dxdt|=|\int\int_{\Omega}\epsilon\eta’(u^{\epsilon})u_{x}^{\epsilon}\phi_{x}dxdt|\leq\sqrt{\epsilon}||\eta’(u^{\epsilon})||_{L^{\infty}}||\phi_{x}||_{L^{2}(\Omega)}||\sqrt{\epsilon}u_{x}^{\epsilon}||_{L^{2}(\Omega)}$
$\eta’(u^{\mathrm{g}})$ $\Omega$ $1<q<2$ $d=q/(q-1)>2$
$||\phi_{x}||_{L^{2}(\Omega)}\leq C_{2}(\Omega)||\phi_{x}||_{L^{q’}(\Omega)}$
90
1$| \iint_{\Omega}I_{1}\phi dxdt|\leq C_{3}\sqrt{\epsilon}||\phi_{x}||_{L^{q’}(\Omega)}arrow 0$ $(\epsilon\downarrow 0)$
$\{I_{1}\}_{\epsilon}$ . $W^{-1,q}(\Omega)$ Il+I2=\eta (u\epsilon )t+q(u\epsilon )
$W^{-1,q}(\Omega)$
$\eta(u^{\epsilon}),$ $q(u^{\epsilon})$ $r>1,$ $\phi\in C_{0}^{1}(\Omega)$




Murat ( 13) $\{\eta(u^{\epsilon})_{t}+q(u^{\epsilon})_{x}\}_{\epsilon}$ $H_{1\mathrm{o}\mathrm{c}}^{-1}(\Omega)$
$\bullet$















$\mathrm{a}.\mathrm{e}$ . $(x, t)$ (10)
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(10)
$(\nu, |\begin{array}{ll}\eta q\hat{\eta} \hat{q}\end{array}|)=|\begin{array}{llll}(\nu \eta\rangle (\nu q\rangle\langle\nu \hat{\eta}) (\nu \hat{q}\rangle\end{array}|$
n tar $u_{t}$ \dagger $f(u)_{x}=0$





(8) $(\eta(u), q(u))$ [
Tartar (10)
. Tartar ([13]), Chen-Lu ([24]) . Chen ([22])
$(\hat{\eta}(u),\hat{q}(u))=(u, f(u))$ $((u, f(u))$ ) $\text{ }$ $\overline{u},\overline{f}$
$(x, t)$ Young $\nu=\nu(u)$
$\overline{\eta\hat{q}-\hat{\eta}q}-(\overline{\eta}\overline{\hat{q}}-\overline{\hat{\eta}}\overline{q})$
$=$ $\{\nu, \eta(u)[(u)-uq(u)\rangle-((\nu, \eta(u)\}\overline{f}-\overline{u}(\nu, q(u)))$
$=$ $\{\nu,$ $\eta(u)(f(u)-\overline{f})-(u-\overline{u})q(u)\rangle$
$\langle$














$(\eta, q)$ $u=\overline{u}$ $C^{2}$
C $\overline{\eta}_{n}$ $\eta(u)$ [ $q_{n}(u)= \int^{u}\eta_{\acute{n}}(v)f’(v)dv$
$\overline{u}$ $u$
4: $\eta(u)$ $\eta_{\hslash}(u)$
$(\eta_{n}, q_{n})$ (11) $narrow\infty$ Young $\nu$





$\langle\nu,$ $|u-\overline{u}|\{f(\overline{u})-\overline{f}\})=\{f(\overline{u})-\overline{f}\}(\nu, |u-\overline{u}|)=0$ $\mathrm{a}.\mathrm{e}$ .
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$f(\overline{u})=\overline{f}$
$\nu$, $|u-\overline{u}|$ ) $=0$ $\mathrm{a}.\mathrm{e}$ .













$H(u)\leq 0$ $u=\overline{u}$ $u$ $\overline{u}$ $f’(u)$
(11)
$\nu$, $H(u))=0$
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\nu$ $H(u)$ 0 $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\nu$ $f’\mathrm{t}^{u}$)





$f(u)$ ( 5) Tartar
(10) $f(u)$ $(a, b)$ $f’(u)\equiv c_{0}$ ( )
$a\leq u\leq b$ }
$q(u)$ $=$ $q(a)+ \int_{a}^{u}\eta’(v)f’(v)dv=q(a)+c0\int_{a}^{u}\eta’(v)dv=c0\eta(u)+c_{1}$
$(c_{1}=q(a)-c_{0}\eta(a))$
$|\begin{array}{ll}\eta q\hat{\eta} \hat{q}\end{array}|=|\begin{array}{ll}\eta c\mathrm{o}\eta+c_{1}\hat{\eta} c\mathrm{o}\hat{\eta}+c_{2}\end{array}|=c_{2}\eta-c_{1}\hat{\eta}$
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\nu\subset[a, b]$
$(\nu, |\begin{array}{ll}\eta q\hat{\eta} \hat{q}\end{array}|)=(\nu,$ $c_{2}\eta-c_{1}\hat{\eta}\rangle$
$|\begin{array}{ll}(\nu,\eta\} (\nu,q\rangle(\nu,\hat{\eta}\rangle \hat{q}\rangle(\nu\end{array}|=|\begin{array}{llll}(\nu,\eta\rangle c\mathrm{o}(\nu \eta)+ c_{1}\hat{\eta}\rangle(\nu c_{0}\langle\nu \hat{\eta}\rangle+ c_{2}\end{array}|=c_{2}\langle\nu, \eta\rangle-c_{1}\langle\nu,\hat{\eta}\rangle=(\nu,$$c_{2}\eta-c_{1}\hat{\eta}\rangle$
(Young 1 $(\nu, c_{j}\rangle=\mathrm{c}_{j})$











$\bullet$ ( ([23])) +( )
([19, 20])
Young L $I\nearrow(p>1)$
( $L^{p_{-}}\mathrm{Y}\mathrm{o}\mathrm{u}\mathrm{n}\mathrm{g}$ ) $L^{\mathrm{p}}$ p-

















$v\sigma’’(v)\geq 0$ DiPerna ([14]), $v\sigma’’(v)\leq 0$ J.Shearer ([33]), P.Lin





$(\rho\geq 0, P’(\rho)\geq 0,$ $P”(\rho)\geq 0)$
DiPerna ([15]), Ding, $\mathrm{C}\mathrm{h}\mathrm{e}\mathrm{n},\mathrm{L}\mathrm{u}\mathrm{o}([26,27],[28]),$ $\mathrm{L}\mathrm{i}\mathrm{o}\mathrm{n}\mathrm{s},\mathrm{P}\mathrm{e}\mathrm{r}\mathrm{t}\mathrm{h}\mathrm{a}\mathrm{m}\mathrm{e},\mathrm{T}\mathrm{a}\mathrm{d}\mathrm{m}\mathrm{o}\mathrm{r},\mathrm{S}\mathrm{o}\mathrm{u}\mathrm{g}\mathrm{a}\mathrm{n}\mathrm{i}\mathrm{d}\mathrm{i}\mathrm{s}$




$f’(U_{0})\sim\{\begin{array}{ll}\lambda_{1} 00 \lambda_{2}\end{array}\}$ $(\lambda_{2}(U)>\lambda_{1}(U)(U\neq U_{0}), \lambda_{2}(U_{0})=\lambda_{1}(U_{0}))$
Chen,$\mathrm{K}\mathrm{a}\mathrm{n}([45])$
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